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Abstract

Background—NeuroThera Effectiveness and Safety Trials (NEST) 1 and 2 have demonstrated
safety of transcranial laser therapy for human treatment in acute ischemic stroke. The NEST-1
study suggested efficacy of transcranial laser therapy but the following NEST-2, despite strong
signals, missed reaching significance on its primary efficacy endpoint. In order to assess efficacy
in a larger cohort, a pooled analysis was therefore performed.

Methods—The two studies were first compared for heterogeneity, and then a pooled analysis
was performed to assess overall safety and efficacy, and examined particular subgroups. The
primary endpoint for the pooled analysis was dichotomized modified Rankin scale (mRS 0-2) at
90 days.

Results—Efficacy analysis for the Intention-To-Treat population was based on a total of 778
patients. Baseline characteristics and prognostic factors were balanced between the two groups.
The transcranial laser therapy group (n=410) success rate measured by the dichotomized 90 day
mRS was significantly higher compared with the Sham group (n=368) (p=0.003, OR 1.67, 95% ClI
1.19- 2.35). The distribution of scores on the 90-day mRS was significantly different in
transcranial laser therapy compared with Sham (p=0.0005 Cochran-Mantel-Haenszel). Subgroup
analysis identified moderate strokes as a predictor of better treatment response.

Conclusions—This pooled analysis support the likelihood that transcranial laser therapy is
effective for the treatment of acute ischemic stroke when initiated within 24 h of stroke onset. If
ultimately confirmed, transcranial laser therapy will change management for ischemic stroke and
improve outcomes of far more patients with acute ischemic stroke.
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Introduction

The only proven treatment for acute ischemic stroke is intravenous thrombolysis with tissue
plasminogen activator (t-PA) when given within 4.5 h of stroke onset.2: 2 With nearly 800
000 new strokes a year in the US, and fewer than 5% treated with thrombolytics it’s evident
that determining alternative acute stroke treatments is imperative. The brief window of time
for administration, the ever-present risk of bleeding, and the need for significant education
and training in the appropriate use of thrombolytics are some of the most important barriers
to increasing t-PA use.3 4 Newer and safer treatments, potentially with longer treatment
windows would translate to more patients receiving treatment. Unfortunately the quest for
neuroprotective treatments in acute ischemic stroke, to date, has so far been unsuccessful.®

Transcranial laser therapy (TLT) is a noninvasive technology that uses near-infrared laser
energy transmitted through the scalp and skull to modulate biological changes within brain
cells.8 The mechanism of TLT appears to be multifactorial. It is likely a combination of
improved energy production’, neuroprotection8, neurogenesis® and neuroplasticity.10
Preclinical studies with TLT applied to different stroke models have produced encouraging
results.9 11-13 Each model exhibited behavior that was significantly improved as early as 24
h after treatment and was sustained for the duration of the study. Equally important was the
observation that TLT appeared effective even when applied as late as 24 h from stroke
onset, while maintaining a benign side effect profile.14 The first human trial of TLT,
NeuroThera Effectiveness and Safety Trial-1 (NEST-1), was a prospective, double blind, 2:1
randomized, sham-controlled study that enrolled 120 patients (79 patients receiving TLT
therapy) within 24 h of stroke symptom onset. Its primary efficacy outcome, binary NIHSS
(bNIH), defined as a complete recovery at day 90 (NIHSS 0 to 1) or a decrease in NIHSS
score of at least 9 points (day 90 versus baseline), was statistically significant (along with
the secondary outcome of binary mRS (0-2=success)) without any serious adverse events
(SAEs) related to either the device or procedure.14 The subsequent NEST 2 clinical trial was
a larger 1:1 randomized, double blind, sham-controlled study with 660 subjects (331 TLT,
329 sham).1® NEST-2 expanded the enrollment age range to 40-90 years (40-85 for
NEST-1), and used the binary mRS as the primary efficacy endpoint. Unlike NEST-1,
NEST-2 did not reach statistical significance for efficacy (p=0.09) but did confirm the safety
of the therapy.1®> NEST-1 and 2, both yielded promising, yet non-equivalent results with
respect to their primary efficacy outcomes. The variations in efficacy may have been due to
inclusion/exclusion differences, limitations in sample size, differences in baseline
characteristics or any combination of these factors. We sought to determine whether a
pooled analysis would provide further evidence of efficacy in a larger cohort of patients, and
elucidate elements, which may identify patient groups most amenable to TLT benefit.

Patients and methods

Study design

NEST-1 and 2 enrolled and randomized a total of 780 patients at 61 centers in five countries.
NEST1 recruited subjects from Israel, Peru and Sweden, and NEST 2 subjects were from
Peru, Sweden, Germany and the United States. Both studies were conducted in accordance
with FDA/ICH Good Clinical Practice guidelines; local governing authorities, and ethics
committees/ institutional review boards approved protocols. The design and conduct of both
NEST studies were done in conjunction with a steering committee (SC) comprising stroke
experts from Europe and North America. The SC had complete access to all data and was
responsible for drafting the manuscripts. The sponsor, Photothera, was responsible for
operational aspects of the trial, including collecting and storing the data and performing the
analysis according to the approved statistical analysis plan.
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Patient selection

Inclusion criteria for both clinical trials were similar. In both trials, patients were required to
have a clinical diagnosis of acute ischemic stroke with a clearly defined onset time, and both
trials required initiation of treatment within 24 h of symptom onset. Eligible patients were
between 40-85 years of age (NEST-1) or 40-90 years of age (NEST-2), and had presenting
NIHSS scores of 7-22 (inclusive). Baseline (pre-stroke) mRS was not obtained for NEST-1,
but was required to be < 2 for NEST-2.

Exclusion criteria for both clinical trials were also similar. Patients were excluded if there
was evidence of or suspicion of intracranial hemorrhage or if they were candidates for
thrombolysis. Patients were not enrolled if they had a seizure at stroke onset, blood glucose
<40mg/dL or >400mg/dL, sustained blood pressure >185/110mmHg, known history of
bleeding disorder, oral anticoagulation with elevated prothrombin time, a significant skin
condition on the scalp, severe mental deficit, neurological disorder which could interfere
with further assessments, or if the patient was otherwise deemed to be medically unsuitable.
Randomization was distinct for each trial. Subjects were randomized in a 2:1 fashion in
NEST-1and 1:1 in NEST-2. Since the inclusion/exclusion criteria and therapeutic
procedures were similar for both of the NEST studies (with a notable exception of age limit
in NEST-2), pooling the individual patient data to assess the efficacy of TLT in a much
larger cohort was considered feasible.

Treatment procedure

In both of the NEST trials, all patients received standard medical management for acute
ischemic stroke and all underwent the identical NeuroThera Laser System (NTS) procedure
(PhotoThera, Inc., Carlsbad, CA, USA). Each NTS device contained a preprogrammed
randomization code to determine whether the treatment was active or sham. Patients,
technicians and clinicians were blinded to treatment allocation. The sham procedure was
identical in every way to the active procedure except that no laser energy was delivered to
the patient. The probe was mildly cooled during the application to ensure investigator and
patient blinding to treatment group.

The NTS is an investigational device designed to provide noninvasive, transcranial laser
treatment. The NTS is a portable device that uses class IV laser to deliver energy via a fiber
optic cable to a handheld probe. Class IV lasers can burn the skin, in addition to potentially
devastating and permanent eye damage as a result of direct or diffuse beam viewing. Hence,
the patient and technician are both required to wear protective eyewear (due to the potential
retinal damage if the laser is applied directly through the eye) and the treatment is
administered in a room with restricted admittance during therapy. The laser probe was
placed on the shaved head of the patient by a trained technician. The laser wavelength is in
the near-infrared portion of the electromagnetic spectrum (808nm) and invisible to the naked
eye. The energy produced is non-ionizing and not associated with the risks of ionizing
radiation. A complete treatment regimen consisted of applying the device to 20 pre-specified
scalp locations, as identified by a cap placed on the patient’s head, for two minutes at each
site. The system was designed to deliver energy equally over the entire surface of the
cerebral cortex regardless of stroke location. Preclinical experiments indicated that optimal
amounts of energy penetrate the brain to a depth of at least 20-30mm, though energy may
stretch across the brain to the opposite skull location based upon distribution of brain sulci
and other tissue.

Outcome measures

The NIHSS was assessed at screening for entry into the study and again before
randomization to treatment group. An examiner collected baseline factors including patient
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demographics, time to treatment, medical history and vital signs. After completion of the
treatment procedure, patients entered a follow-up phase until either the patient decided to
stop participation or the patient had participated in the study for 90 days. Outcome measures
consisting of NIHSS and mRS were collected at the earlier part of day five or hospital
discharge, and then again at 30, 60 and 90 days.

Statistical analysis

Results

All statistical analyses were performed post hoc using the Intention-To-Treat (ITT)
population, with participant data analyzed according to assigned treatment at randomization.
All hypotheses were tested at a 0.05 (2-sided) significance level with adjustments for
multiple covariates.

The primary analysis was the mRS at 90-days with adjustment of covariates. For the primary
analyses in NEST-1, in NEST-2, and in the present study of the pooled NEST-1 and
NEST-2 data, the covariates were stroke severity (NIHSS score at baseline) and time from
stroke onset (TFSO). These covariates were selected because of their prognostic association
with stroke outcome. Baseline stroke severity was stratified into 3 subgroups (NIHSS score
7-10, 11-15, and 16-22), and time from stroke onset was stratified into two subgroups (0-
12 h. and 12-24 h.). The null hypothesis that the proportion of successes did not differ by
treatment was tested using multiple logistic regression adjusted for stroke severity and
TFSO.

In the pooled NEST-1 and NEST-2 data set, there were no baseline demographic or clinical
variables that differed between the two treatment groups (the TLT-treated group and the
sham group; Table 2), so no additional covariates were included in the primary analysis. A
secondary analysis examined the difference due to treatment in the mRS distribution (on the
0 to 6 scale) using the Cochran-Mantel-Haenszel (CMH) test.

In the comparison of NEST-1 to NEST-2, baseline variables that differed significantly
between the two studies were stroke severity (NIHSS score at baseline), TFSO, hypertension
and ethnicity, while previous diabetes and previous stroke approached significance (Table
1). Although differences in ethnicity could be identified (many more ‘other’ in NEST-1),
differences in the coding of ethnicity in the two studies made pooling the ethnic strata
difficult. Thus, we included baseline NIHSS score, TFSO, hypertension, previous stroke and
previous diabetes as covariates in a secondary analysis.

As noted in Figure 1, a total of 780 patients were randomized into the NEST 1 and 2 trials.
Two participants from NEST-2 population were excluded from the pooled analysis as one
did not receive treatment, and the other withdrew consent before any follow up data was
collected. Eight patients were lost of follow up and they had their last observation carried
forward. Final pooled analysis was performed on a total of 778 patients (368 Sham, 410
TLT).

NEST-1 and NEST-2 trials were compared by treatment modality to assess for study
differences between each study and within each treatment population. Table 1 notes the
baseline characteristics of patients for each treatment modality comparing NEST-1 to
NEST-2. Although baseline characteristics were generally well matched, there were some
noted differences between the patient populations. For TLT therapy, there were differences
in ethnicities, due to higher enrollment of ‘other’” races in NEST-1 (55.7% in NEST-1 vs.
only 9.4% in NEST-2). In NEST-2 there were more patients with hypertension and diabetes,
while mean time to treatment was significantly shorter (16.93 hours in NEST-1 vs. 14.62
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hours in NEST-2). Also, baseline mean NIHSS was higher in NEST-2 (12.25 in NEST-1 vs.
13.13 in NEST-2). Comparing the sham groups in NEST-1 and NEST-2, and comparing
overall patients in NEST-1 and NEST-2, they showed similar differences. The pooled NEST
1 and 2 data showed no significant differences in baseline characteristics between the two
treatment groups (Table 2).

The primary analysis was logistic regression of the dichotomous 90-day mRS (0—
2=success), at 90-days adjusted for stroke severity (NIHSS score at baseline) and time from
stroke onset (TFSO). This analysis showed that the success rate was significantly higher in
the TLT group than in the sham treatment group; a total of 167 (40.73%) of the TLT group
patients, compared to 119 (32.34%) of the Sham group patients, had a mRS 0-2 at 90 days
(p=0.003, OR 1.67, 95% CI 1.19-2.35). A graph of the pooled 90-day mRS is shown in
Figure 2.

The secondary logistic regression analysis of the binary success endpoint adjusted for
baseline NIHSS, TFSO, previous stroke, previous diabetes and hypertension did not change
the p-value for the treatment effect (0.003). Using the entire ordinal scale of mRS outcomes
from 0 to 6, the CMH analysis showed a significant difference between TLT and sham with
a shift towards better outcomes with TLT (p=0.005). (Table 3) Subgroup analysis (Figure 3)
suggests that patients with a baseline NIHSS <16 received the most benefit. The occurrence
of SAE's was not significantly different between treatment groups (35.4% TLT vs. 41.3%
Sham; p= 0.09). Mortality was not significantly different between treatment groups (15.9%
TLT vs. 16.6% Sham; p = 0.85).

Discussion

This pooled analysis of the two NEST trials helps support the current evidence that TLT
performed within 24 h of stroke onset may likely improve stroke outcome, and could be a
beneficial option for even more acute stroke patients presenting within the first 24 h of
symptom onset. The clinical safety profile was excellent with no differences for serious
adverse events. Pooling of the studies demonstrated that there were no significant
differences in 90-day mortality or serious adverse events.

It is important to analyze why the original two trials reported different results. NEST-1
randomized in a 2:1 ratio and reached its primary outcome measure for success after
enrolling 120 patients. Conversely, NEST-2 did not reach statistical significance despite
enrolling far more patients in a 1:1 ratio. In analyzing each of these studies for outcome
differences, it is likely that NEST-2 had poorer efficacy due to including patients with more
severe strokes as demonstrated by difference in baseline NIHSS, and including subjects with
more co-morbidities (previous stroke, diabetes, and hypertension). Each of these factors has
been documented as leading to poor outcomes after stroke.16 Regarding the increased
severity of patients in NEST-2, the initial NIHSS was higher than in NEST-1 (baseline
NIHSS = 13.2 vs. 12.2 overall; p= 0.03). The severity of the population is also reflected in
the 90 day mRS of sham group. Nearly 50% of the patients in the NEST-2 sham group had a
90 day mRS >4 vs. only 36% in NEST-1 sham group; furthermore, mortality was close to
double in NEST-2 (9.75% NEST-1 vs. 17.4% NEST-2), reflecting the poor outcome due to
the stroke severity or perhaps the amount of co-morbidities of the patients enrolled in
NEST-2. Additionally, as reported by Zivin et al post-hoc subset analyses demonstrated that
those with the most severe strokes (NIHSS 16-22) seemed to benefit less than those with
moderate or moderate-to-severe strokes.1® In addition to greater stroke severity, the NEST-2
population also had a greater incidence of previous stroke, diabetes, and hypertension.

Int J Stroke. Author manuscript; available in PMC 2014 July 01.
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Interestingly, patients treated after 12 h of stroke onset appeared to receive more benefit than
patient treated before 12 h but the difference was not statistically significant. This finding
seems discordant with the general belief that neuroprotective therapies should be initiated as
fast as possible if they were to be effective. This finding of a better efficacy with a delayed
treatment might be attributed to the higher proportion of patients treated within 12 h in
NEST trials that failed to detect a treatment efficacy. However, animal research suggests
laser therapy as more ‘restorative’ than ‘neuroprotective’ therapy, with an underlying
mechanism possibly being induction of neurogenesis.? Still, the best therapeutic window for
TLT remains unknown.

The biggest limitation of this paper is that it is not a single cohort of patients, randomized to
ensure homogeneity across groups. Neither the pooled nor the subgroup analyses were pre-
specified and are therefore subject to post-hoc bias and confounding factors. Because of
these factors, a larger confirmatory study is still required to prove efficacy or make further
claims. A phase 111 randomized placebo control study, NEST-3, has begun. Beyond
NEST-3, it will be necessary to determine if TLT can then be combined with other therapies.
The combination of TLT and t-PA has shown to be safe and does not increase intracranial
hemorrhage in an animal model.1” Because TLT seems to have a unique mechanism, it is
hoped that combining thrombolytic and laser therapies could have synergistic benefits for
future stroke patients.

It is not surprising that the pooled analysis of these two studies resulted in a statistically
positive benefit for patients since NEST-1 was strongly positive and NEST-2 displayed a
possible signal towards efficacy (p=0.09). With this pooled analysis, there is compelling
evidence that TLT is safe, and strong additive evidence that TLT may be effective for the
treatment of acute ischemic stroke. If the confirmatory NEST-3 trial proves the benefit of
TLT, far more stroke patients will receive treatment and a radical change in the paradigm for
acute ischemic stroke will be established.
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Modified Rankin Scale

0 1 2 3 4 5 6
Sham | 5 13 15 20 22 9 17
TLT | 7 18 16 19 18 7 16

Percentage of Patients

Figure 2.
Primary outcome at 90 days according to scores on the mRS, in the intention to treat
analysis. TLT was significantly better than sham by Cochran Maentel Haenszel test p=0.005
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Sham better& = TLT better

Figure 3.

Forest plot with unadjusted odds ratios for TLT as compared to sham for the 90 day mRS
score of 0 to 2 on subsets of the data defined by categories selected from the baseline
characteristics (Time from stroke onset (TFSO) to treatment, history of previous stroke,
initial NIHSS and gender). The horizontal lines indicate 95% Cls. P values for each stratum
on the right.
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Baseline characteristics: pooled data NEST 1 and NEST 2 by treatment modality

Table 2

Pooled NEST 1 & 2
TLT(n=410) | Sham (n=368)

Age(y), mean, SD 70.35+12.56 | 69.72+11.85
Female (%) 184(44.88) 152(41.3)
Time to treatment, mean, SD 15:04+5:45 14:52+6:10
Time to treatment strata < 12 hours 128(31.22) 129(35.05)
Baseline NIHSS score, mean, SD 12.96+4.58 13.04+4.5
Baseline NIHSS score strata, No (%)

Median 12 12

7t010 | 158 (38.54) 151 (41.03)

11t015 | 122 (29.76) 97 (26.36)

16t022 | 130 (31.71) 120 (32.61)
Previous stroke, no (%) 118 (30.24) 121 (32.07)
Diabetes, no (%) 124 (30.24) 118 (32.07)
Hypertension, no (%) 316 (77.07) 294 (79.89)

*
No statistically significant differences were noted in any characteristics between pooled treatment groups by t-test and Fisher exact test as

appropriate.

Values are means + SD and N with percentages in parenthesis.
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